duced large reductions in injury and fatality rates because those designing the policy did not consider the crucial behavioral link involving drivers.
A similar effect has been observed with respect to the Consumer Product Safety Commission's safety requirements, 6 and, more generally, there is evidence that consumer product safety regulations are not sufficiently effective or extensive to substantially affect product safety. Manufacturers have complied with the regulatory standards, but consumer safety has not been enhanced.
Much the same story is true in the pharmaceutical area. Pharmacists and doctors have complied with the U.S. prescription requirements for drugs, with only occasional notable violations. Nevertheless, in terms of the effect of prescriptions on health, no significant health effects of these requirements have been observed-either for the United States or elsewhere in the world. 7 The second reason for regulatory failure is the lack of enforcement. For example, the Occupational Safety and Health Administration (OSHA) has extensive regulatory requirements but traditionally enforced them quite laxly. Indeed, the inspection rates are so low (less than one inspection per century per firm) and the penalties are so small (only $6 million annually) that there are few incentives for compliance. The result is, at best, a very modest effect on safety outcomes. 8 The EPA water pollution regulations-the focus of this studyrepresent an interesting departure from past patterns of regulatory failure. First, the nature of the regulations-discharge limits-relates directly to the policy objective of controlling pollution, and there is no potential for offsetting behavioral responses. If the pollution standards are binding and enforced, they should improve water quality. Second, the enforcement effort is so extensive that enforcement should affect firms' compliance. In the pulp and paper industry, which we will analyze, the EPA averages roughly one inspection annually per major pollution source. In addition, firms are required to file monthly discharge monitoring reports, providing one of the most thorough monitoring capabilities of any health, safety, or 6 See W. Kip Viscusi, Consumer Behavior and the Safety Effects of Product Safety Regulation, 18 J. Law & Econ. 527 (1985) .
7 For supporting data, see Sam Peltzman, The Health Effects of Mandatory Prescriptions, 30 J. Law & Econ. 2 (1987) .
8 The most extensive analysis is that in W. Kip Viscusi, The Impact of Occupational Safety and Health Regulation, 1973 -1983 , 17 Rand J. Econ. 567 (1986 . Analyses of earlier periods of OSHA enforcement are provided in Ann P. Bartel & Lacy Glen Thomas, Direct and Indirect Effects of OSHA Regulations, 28 J. Law & Econ. 1 (1985) , and in Robert S. Smith, The Impact of OSHA Inspections on Manufacturing Injury Rates, 14 J. Human Resources 145 (1979) .
HeinOnline --33 J.L. & Econ. 333 1990 environmental agency. Prior to the 1987 revisions of the Clean Water Act, 9 one potential weak link was that EPA officials could not directly assess penalties for noncompliance. They could, however, seek the imposition of substantial penalties through court action.
In the subsequent sections, we describe the nature of the EPA enforcement of water pollution regulations in the pulp and paper industry and the original data base we created for this study. Using information from EPA and industry sources, we constructed a longitudinal data base by firm, permitting a detailed evaluation of the effects of EPA inspections and their associated enforcement actions on the behavior of pulp and paper plants. As the empirical results will indicate, we find diverse evidence of significant EPA effects on the polluting and reporting activities of firms in the pulp and paper industry.
II. ENFORCEMENT OF WATER POLLUTION REGULATIONS IN THE PULP AND PAPER INDUSTRY
In choosing to study the enforcement of environmental regulations by the U.S. Environmental Protection Agency and by state environmental agencies, we could have chosen several different media. Only for water pollution was it possible to find a relatively complete data base of pollution discharge measurements by source and a data base on enforcement actions at these same plants. The same informational base that permits us to provide a sound empirical analysis also assists the EPA in its effort to monitor and enforce compliance. Overall, it is believed that more than 90 percent of all major water discharges are in compliance with EPA standards, as contrasted with estimated compliance rates as low as 20 percent for toxic and hazardous substance regulation. 10 Thus, one should be cautious in generalizing from the EPA's record in water pollution to other pollution problems. The investigation reported here should be regarded as an examination of an important and representative component of one of the EPA's most effective regulatory programs.
Since the data on inspections were much more complete than on other enforcement actions, such as administrative orders, notices of violations, 9 Section 314 of the Federal Water Quality Act of 1987 authorizes the use of administrative penalties that can be assessed directly by the EPA.
'0 For supporting data, see Cheryl Wasserman, Improving the Efficiency and Effectiveness of Compliance Monitoring and Enforcement of Environmental Policies, United States: A National Review, Organization for Economic and Cooperative Development (1984) .
HeinOnline --33 J.L. & Econ. 334 1990 warning letters, and telephone calls," we focus on the relationship between plant inspections and water pollution discharge levels. This emphasis on inspections also accords with our a priori views regarding the role of different enforcement instruments since inspections are one of the most important components of any enforcement program and thus merit special attention.
To measure the relationship between inspections and subsequent compliance, we examine one industry, pulp and paper. This industry is the country's largest discharger of conventional pollutants, such as organic waste and sediment,1 2 and has a long history of water pollution enforcement efforts by various governmental agencies. There is no reason to believe that the effectiveness of inspections in the pulp and paper industry differs markedly from that in other industries regulated by the EPA. Also, by concentrating on one industry, we avoid the problem of controlling for interindustry differences in the stringency of regulations, differences in the nature of the pollution, and differences in the technologies for compliance.
The EPA traditionally focuses on the control of Biological Oxygen Demand (BOD) because it is the most damaging conventional pollutant discharged by the pulp and paper industry.' 3 Most inspections examine BOD levels in addition to other pollutants of interest for a given plant. Also, the technologies that control BOD discharges tend to reduce the levels of other pollutants, which means that the relationship between inspections and BOD discharge reductions ought to be similar to the relationship between inspections and discharge reductions for other pollutants.
The pulp and paper industry consists of hundreds of companies operating plants in thirty states within seven of the ten EPA regions in the country. The EPA Permit Compliance System (PCS) data base described below lists 418 separate sources of pollutant discharge in the industry. Biological Oxygen Demand, Total Suspended Solids (TSS), and the pH levels of discharges are the three main conventional pollutants controlled, although in recent years Congress has initiated new regulatory efforts to also control toxic pollutants.
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One reason for the completeness of the data on inspections is that the EPA regional offices are not credited with conducting an inspection until it is coded into the central data base. See U.S. Environmental Protection Agency, Office of Water Enforcement, NPDES Inspection Manual, at iii (June 1984) .
12 U.S. General Accounting Office, Water Pollution, supra note 2, at 8. 13 BOD is the standard measure of the organic pollutant content of water.
If the EPA set water pollution standards in the same manner as seat belt regulations or OSHA standards, a description of the regulatory constraints would be straightforward. In the seat belt and OSHA cases, firms face well-defined requirements on the technology or work environment. All firms must comply with the same set of regulations, such as ensuring that punch presses have the specified guards. There has been little change over time in the nature of the standards, except that some new regulations have been added. In contrast, EPA water pollution standards involve permissible pollution amounts that vary across firms and over time.
The 1972 Federal Water Pollution Control Act amendments set the framework for regulation on industrial water pollution. The act required that all sources discharging into the navigable waters of the country meet discharge standards based on the application of the "best practicable control technology" (BPT) by July 1, 1977, while complying with standards based on the "best available technology economically achievable" (BAT) by July 1, 1983.
In 1977 the act was amended again, pushing back the 1983 deadline to July 1, 1984, and substituting a more complicated requirement. Conventional pollutants such as BOD and TSS were to meet standards based on the adoption of the best conventional technology (BCT), while toxic pollutants were to meet standards based on the best available technology (BAT).
The final BPT and BAT standards for various subcategories of the pulp and paper industry were promulgated on three separate dates: May 9, 1974; May 29, 1974; and January 6, 1977 . The final BCT standards were issued on December 17, 1986, and left the BPT standards for BOD control unchanged. The BPT standards generally set limitations on the quantities of BOD that a plant could discharge per pound of pulp or paper produced.
1 4 However, the allowable discharges of BOD from each source were derived by multiplying this effluent limitation by the number of pounds of pulp or paper produced per day at the plant. This latter number formed the basis of the National Pollutant Discharge Elimination System (NPDES) permit required of each discharger. Since our empirical study covers the period from the first quarter of 1982 through the first quarter of 1985, the NPDES permits restricting BOD discharge were based on the 1977 BPT standards.
The EPA possesses the authority to issue the NPDES permits, but the authority has been delegated to thirty-seven states meeting specified fed-eral criteria. States approved to issue NPDES permits also assume responsibility for their enforcement, which means inspecting the plants and taking action against sources found to be out of compliance. For states not app.oved to run their own permit systems, the EPA issues and enforces the permits.
An important aspect of the permit process should be emphasized. The EPA and the states do not set uniform permit levels irrespective of the industry characteristics associated with the pollution source. Each standard is industry specific and represents pollution levels that are potentially achievable with available technologies.
Each source must regularly measure its pollution discharge levels and report its actual discharges of each pollutant in its permit on a monthly basis through a Discharge Monitoring Report (DMR). If a source is out of compliance with the effluent standards in its permit, it is also required to file a noncompliance report. The states and EPA regional offices send the DMRs to the EPA, which enters them into the PCS data base to serve as a basis for tracking compliance. In addition, the EPA requires that Quarterly Non-compliance Reports (QNCR) be filed by each state and region to identify sources out of compliance. In the empirical study that follows, we use the reported BOD discharge levels in the DMRs to measure the effects of inspections on BOD discharge levels.
Because the sources are required to report their pollutant discharge levels on a monthly basis, the on-site inspections play a somewhat different role than inspections carried out by other regulatory agencies, such as an OSHA inspection of an industrial site. The latter inspections constitute the primary basis for the agency to check compliance with its regulations and to have a visible presence in the workplace. In contrast, EPA or staterun inspections of industrial water pollution sources create a similar visible presence, but they provide only a secondary source of information about compliance because the monthly DMRs address the compliance question directly. Some NPDES permit inspections do test whether the DMR discharge levels are reported accurately and honestly, and they provide an incentive for firms to submit DMRs more frequently.
The difference between EPA inspections and OSHA inspections has also been narrowing over the years. Although the Bureau of Labor Statistics does not release the mandated injury reports to OSHA for compliance purposes, OSHA now gathers this information through on-site records checks to target its inspections. This procedure represents a partial and more time-consuming variant of the DMR process. Firms with good injury records are exempt from OSHA inspections.
The EPA inspections directly address one or more of the following items: the existence of an up-to-date permit, the installation of the abateHeinOnline --33 J.L. & Econ. 337 1990 ment equipment necessary for compliance with the permit, management plans and practices, the preparation and maintenance of records, the correct operation of the abatement equipment, and the conduct of sampling and sample analysis. As a recent EPA report to the Organization for Economic and Cooperative Development (OECD) explains, "Despite widespread self-monitoring, inspections remain the backbone of agency compliance monitoring programs ....
inspections are the government's main tool for officially assessing compliance, and for assuring quality control and lending credibility to self-monitoring programs. The independent evaluation provided by a government inspection is the key."
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The EPA carries out three main types of inspections-compliance sampling inspections, compliance evaluation inspections, and performance audit inspections. Compliance sampling inspections require approximately thirty workdays of time to complete and involve actual sampling of the effluent at the plant, as well as an examination of the company's record-keeping system, its testing procedures, and its treatment system. In contrast, the compliance evaluation inspections take only about three workdays to complete. They involve no sampling, but the inspectors do examine the company's treatment facilities, monitoring methods, and records. The performance audit inspections require about twelve days to complete and consist of the same practices used in the compliance evaluation inspection, plus observation of the permittee going through the steps in the self-monitoring process from sample collection and flow measurement through laboratory analyses, data workup, and reporting. In addition, the performance audit inspector may leave a check sample for the permittee to analyze.
Based on the discharge reports in the DMRs and in the QNCRs, as well as on the findings of inspections, the EPA or the approved state agencies take enforcement actions against violators. Informal actions include telephone calls, warning letters, and notices of violation, as well as inspections. If these measures do not achieve the intended results, the control agencies can proceed with formal actions such as administrative orders, permit revision, formal listing of companies as ineligible for government contracts, grants, and loans; and, finally, civil and criminal judicial responses.
Court action is a lengthy process involving the Justice Department that is started only as a last resort. Under Section 309(e) of the 1977 Clean Water Act, civil penalties could have been awarded up to a level of $10,000 per day, while criminal penalties could have ranged from $2,500 to $25,000 for the first violation and up to $50,000 for the second violation. 16 In addition, first violations could have led to imprisonment of up to one year, with up to two years of imprisonment for the second violation. During the period from January 1, 1975 , to July I, 1985 , the EPA commenced 64 judicial actions in the pulp and paper industry. Of these, 42 cases resulted in fines, and four were still pending at the end of the period. The fines varied from $1,500 to $750,000, with an average of $89,437. Because the regions lacked the incentives to report regularly enforcement actions other than inspections into the PCS data base, we concentrate our study on the effectiveness of the inspections on bringing firms into compliance with their permits.
The inspections variable is intended to be a proxy for the overall enforcement effort associated with an inspection and all subsequent enforcement actions. The financial penalties associated with noncompliance may be much greater than is indicated by the fines actually assessed since these fines do not reflect the potential losses due to noncompliance. Indeed, to take the extreme case, if the sanctions were so great that enforcement effort was fully effective, no instances of noncompliance or penalty assessments would be observed. The enforcement measure to be used in the regression equations should reflect the expected sanctions, not the level of sanctions observed after the deterrence effect has operated. The EPA inspections variable will serve both as a measure of the formal contact of the EPA with each firm as well as the institutional trigger that will generate additional enforcement sanctions for noncomplying firms.
III. THE SAMPLE AND THE VARIABLES

The Data Base
The PCS data base, which we utilize in our analysis, lists 418 separate sources in the pulp and paper industry in its Inspections file. Under half of these sources-194-had BOD discharges. Of this group, seventy-seven submitted DMR measurements for BOD discharge into the Measurement file. As a result, the data set that we used includes seventy-seven of the 194 major sources of BOD in the pulp and paper industry.
The information that is missing was not governed by an entirely random process. The sources that were not included either did not enter their DMRs into the PCS data base, or they did not submit DMRs including BOD measurements during the period under study, or they discharged pollutants other than BOD. The principal factor affecting the missing sources is the time required before the records could be computerized. Officials at the EPA believe that most of the other sources not in the PCS data base did submit DMR data to the EPA or the states, but they were not entered into the PCS data base because the system was not yet operational and the states and regions were not required to enter the data.1 7 This view is consistent with the regional patterns of sources included in our data base. Seven of the nine EPA regions with pulp and paper mills are represented in our data base (see Figure 1 ). In addition, nineteen of the twenty-seven states with pulp and paper mills are captured in the sample (see Table 1 ). The principal selectivity process is that some states and two EPA regions did not computerize their DMR reports by 1982:1. If computerization is positively correlated with more effective enforcement (which we have no way of knowing and no a priori reason to suspect), our empirical results will tend to overstate the effectiveness of water pollution enforcement overall. However, it should be noted that, even if there is a selectivity bias, it should create much less bias than a scenario in which the firms missing from the data base were determined on a firm-by-firm basis based on the quality of the DMR data supplied by each firm.
The firms in our sample tend to be larger than those without data. Available data on 170 out of the 194 pulp and paper plants show that the mean output level of firms in the sample is 62 percent higher than those outside the sample and that 54 percent of the industry output is produced by the firms in our sample. We do not have the data to measure the share
of industry pollution discharges from our sample, but to the extent that output levels are correlated with pollution discharge levels, about half of the industry BOD discharges would have been produced by the firms in our sample.
Thus, based on the available evidence, we conclude that our sample comprising 40 percent of the firms and 54 percent of the output in the industry is representative of the entire pulp and paper industry, except to the extent that there is some relationship between the effectiveness of inspections and either firm size or the decision by states or EPA regional offices to enter discharge data in the PCS data base. If these two factors are for some reason correlated with the effectiveness of inspections, then our results need to be interpreted as estimates of the response to EPA inspections of firms whose discharge levels are regularly reported to the EPA's national data base.
The firms represented in our sample are all located within Standard Industrial Classification (SIC) 26. We have further divided this industry characterization into five four-digit SIC codes (2611, 2621, 2631, 2648, and 2661) . 18 For the period from the first quarter of 1982 through the first quarter of 1985 there were 276 inspections of the sources in the sample, of which 43 percent were compliance sampling and 57 percent were compliance evaluation.
In this analysis we use calendar quarters as the unit of analysis. Only rarely was there more than one inspection for a given source in the same quarter. Despite the requirement that sources report DMRs every month to the state enforcement agency or the EPA, for the reasons explained above, some DMR measurements are missing for the sources in our sample. In constructing the quarterly BOD measurements for our statistical analysis, we interpolated to fill in missing values and used averages of the BOD discharge levels within a quarter as the quarterly average BOD discharge levels.
Although the EPA analysts to whom we talked were confident that most of the discharge measurements in the DMRs were reported accurately, permittees do have several opportunities to cheat. They may choose not to report discharge measurements during months with unusually high discharge levels. This behavior would lead to some smoothing of the pattern of reported discharges, eliminating the top end of the distribution. More active attempts to mislead EPA include altering the contents of the sample being tested, falsely calibrating the test instruments, and recording false measurements in the DMRs.
Despite these possibilities for sending the EPA misleading or false DMR discharge statistics, there are several incentives to report honest information in the DMRs. The EPA follows the policy of attempting to inspect all major sources at least once a year. Compliance sampling inspections would detect whether most of the reported measurements were inconsistent with the measurements from the inspections, but they could not detect whether outliers were removed from the reports. Compliance evaluation inspections would detect the absence of the required abatement equipment, but would be less useful in evaluating whether the abatement systems were being operated correctly. Of course, the penalties for noncompliance and fraud in reporting also create incentives for truthful reporting of discharge measurements. The possibility of leaks to EPA by disgruntled employees makes this last incentive more compelling to firms considering manipulating their DMR data.
Taking into account the possibility that the DMR measurements may measure true compliance status with some error, it is still instructive to ascertain how well firms comply with the effluent regulations. Recently, the Environmental Protection Agency' 9 issued a study of compliance by all the major pulp and paper mills (SIC 2611 (SIC , 2621 (SIC , 2631 in the eight southeastern states comprising EPA region 4 over the period from the second quarter of fiscal year 1982 through the first quarter of fiscal year 1984. Eighty-two percent of the measurements fell within the permitted bounds. This compares with 75 percent of the measurements from the pulp and paper firms in our sample being in compliance. The EPA further defines significant noncompliance for BOD as violations of the monthly average permit limits for any two months in a six-month period that exceed the limit by 40 percent, or violations of the monthly average limits for any four months in a six-month period. Using this definition, 94 percent of the measurements indicated discharge levels not in significant noncompliance. The study also showed that four out of the fifty-six mills created most of the instances of significant noncompliance. 2°' 9 U.S. Environmental Protection Agency, Study of Pulp and Paper Industry in Region IV (1986) . 20 In light of the low fines assessed and the relative infrequency of inspections, some readers may question the reasons for the high compliance rates. While our study addresses only the incremental effect of inspections and associated enforcement actions on compliance, we can speculate on the explanation for the high base rate of compliance.
In a well-functioning regulatory system, one would not expect to see frequent use of strong sanctions, such as fines, for firms complying with regulations in order to avoid the sanctions. It is only necessary that firms believe they will be sanctioned if they fail to Sample Characteristics Table 2 summarizes the means and standard deviations for the sample of the variables used in our analysis. The sample is a pooled time series and cross section of seventy-seven plants followed on a quarterly basis from 1982:1 to 1985:1. The first two variables represent the pollution outcome measures that will be of primary interest as dependent variables comply. Despite their infrequent use, there are a variety of punishments that the EPA can impose, short of judicial fines. For firms that do not comply, the agency can raise the frequency and intensity of inspections, write permits using stricter interpretations of the regulations (for example, using average rather than maximum production rates to calculate allowed discharge levels), deny operating permits, subject the firm to bad publicity, and engage in protracted haggling, and possibly prolonged litigation, which imposes high costs in terms of legal fees, management time, and general uncertainty about being allowed to operate.
in different equations. The variable MQAVG is a continuous measure of the extent of pollution. It measures the number of pounds of BOD discharged per day, where this amount is averaged over the quarter. Although the amount of pollution is a variable of substantial economic interest, it is not the sole variable of concern. Different firms may have different permitted pollution levels so that, for example, a large plant may be in compliance with a high BOD level whereas a small plant may be in violation of its permit even though its discharge is less. Analyzing the effect of inspections on total discharges is, however, one of the most important ways of assessing the benefits of the EPA's regulatory enforcement.
The second pollution variable, MVIO, is a discrete zero or one variable that takes on a value of one if the pollution source is in noncompliance with its BOD discharge permit in any of its monthly measurements that quarter. This variable best captures whether the firm's performance is in compliance with its water pollution permit, but it does not reflect the extent of noncompliance. Unfortunately, it is not possible to construct a reliable measure of the amount of pollution in excess of the permitted amount since data pertaining to the level specified in the permit are not available from the PCS data base. Instead, we are restricted to MQAVG and MVIO rather than a hybrid of a continuous pollution measure and discrete compliance measure.
The next set of variables is a series of zero or one dummy variables pertaining to whether the firm was inspected in a particular quarter. The variable IQTRJ is of the general form in which it takes on a value of one if the pollution source received an inspection J quarters previous to the pollution measurement in the current quarter, where J takes on a value from one to six. It is quite striking that the rate of inspection is quite high, on the order of 25-30 percent per quarter.
This relatively high inspection rate distinguishes the EPA enforcement effort from that of OSHA. Not only does the EPA receive regular discharge monitoring reports from firms, but it also undertakes water pollution inspections at a rate of about one inspection annually per major pollution source. In contrast, OSHA has no automatic data feedback mechanism, and it has a much more sporadic inspections effort. In OSHA's early years, some analysts equated OSHA's inspection frequency to other rare events such as the annual chance of seeing Halley's comet. At present, the OSHA inspection rate is much lower than this amount-on the order of 1/200 for each firm in any year.
2 ' The intensity of EPA inspections consequently dwarfs that of OSHA inspections so that there is no reason to believe that the lack of efficacy of OSHA's minimal enforcement operation has any adverse implications for the EPA's chances of success. The variables of the form REGNJ are zero or one dummy variables for the EPA region J in which the plant is located. These variables will be utilized to ascertain whether there are any important regional differences in pollution patterns. It should be noted that there are no pulp and paper mills located in three of the EPA regions (7, 8, and 9) and there are no PCS data on mills in region 2.
The next set of six variables are of the form SICJK, which represents a dummy variable for the plant's four-digit SIC industry code 26JK, where JK takes on the values 11, 21, 31,48, and 61. Although all firms are in the pulp and paper industry, it was desirable to also include refined industrygroup dummy variables that reflect the firm's specific operations and technology. For example, pulp mills (SIC 2641) have different operations than converted paper plants (SIC 2649).
The final variable listed is TONS. It measures the number of tons of pulp and paper produced daily at the plant. Unlike the other variables in the data set, this variable was not included in the PCS data base. We matched each firm to a capacity measure using data provided in a published industry directory.
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IV. THE EFFECT OF INSPECTIONS ON POLLUTION
The major purpose of this article is to measure empirically the effects of inspections, along with their associated enforcement actions, on the behavior of firms in the pulp and paper industry. We will concentrate on an econometric approach that relates the conduct of an inspection in a given quarter to two measures of the firm's BOD abatement effort: (1) its absolute rate of effluent discharge (MQAVG), and (2) whether its discharge rate falls below its permitted level (MVIO). We also examine the effect of plant inspections on reducing the incidence of nonreporting of DMR data. To the extent that firms purposely refrain from reporting discharge levels during periods of noncompliance, the first two measures of the effect of inspections would be biased toward less effect than what actually occurred. This third measure allows us to determine whether inspections improved the completeness of the EPA's discharge monitoring system that presumably lead to more discovery of noncompliance and, through subsequent enforcement efforts, further reductions in pollutant discharge levels.
Empirical Framework for Measuring Abatement Effects
The underlying economic framework is straightforward, as pollution levels are governed by a capital investment process relating to the pollution control technology, as well as by the efficiency levels at which the abatement equipment is operated. The role of EPA inspections is to raise the expected cost of noncompliance, boosting the incentives for pollution reduction and compliance with the permit. Since the underlying theoretical basis is straightforward, we will proceed directly to the estimating equations.
3
The equations to be estimated will be of the same general form whether the pollution variable is MQAVG or MVIO. To illustrate this general form, let POLLUTION, be the value of the pollution variable MQAVG or MVIO for pollution source i in period t. Some additional notation is needed before we can write down the equation to be estimated. The variable IQTRJi, is the zero or one inspection variable for whether pollution source i was inspected in period t -J, TONSi is source i's capacity measure, SICi is a vector of four-digit SIC-code dummy variables for pollution source i, REGNi is a vector of dummy variable for the EPA regions for source i, and QUARTER, is a vector of dummy variables for the quarters. The resulting estimating equation is of the form n POLLUTIONi, = ot + P 1 POLLUTIONi,-4 + 3 _Yk IQTR,-k k= + 032TONSi + 03 3 SICi + P3 4 REGNi
where vi, is a random error term. In the case of the continuous pollution measure, MQAVG, ordinary least squares is the appropriate estimator, whereas for the discrete compliance variable, MVIO, a logistic estimation procedure is employed. With some modifications, this equation is in the same general spirit as similar equations estimated for safety regulations. The first variable included is the lagged dependent variable, with the noteworthy distinction that the lag is four quarters rather than one. The 23 The model implicit here is articulated more fully for the analogous job safety case in W.
Kip Viscusi, The Impact of Occupational Safety and Health Regulation, 10 Bell J. Econ. 117 (1979) . More generally, see Richard Posner, Economic Analysis of Law (3d ed. 1986).
24 The equation bears closest similarity to those in Viscusi, supra note 8.
variable POLLUTIONi,_ 4 is a proxy for the firm's stock of capital related to pollution control and for the general character of its abatement technology. Firms with high levels of pollution in the past are likely to continue to have high levels in the future because the nature of their control technology makes it costly to achieve pollution reductions. A four-quarter lag is utilized rather than a single-quarter lag to capture the seasonality that often plays an important role in a firm's operations. The products produced, stream flow conditions, and the pollution permit amount may vary by season. The lagged dependent variable serves an additional role with respect to regression-to-the-mean effects. It is possible that firms with an abnormally high pollution level in period t due to stochastic factors will be inspected in period t + 1 and improve their performance compared with period t, wholly apart from any true inspection effect. Because the lagged values captures pollution levels, or compliance status, four quarters earlier, however, they are less susceptible to leading to inspection variable results that simply capture regression-to-the-mean effects.
The next set of variables is a distributed lag on past EPA inspections. Evidence for OSHA suggests that there is generally a lag before firms can make the required capital investments to alter their performance level.
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Even if compliance only entails changes in operating procedures following an inspection, an effect may not be apparent until the next quarter. Consider a situation in which the firm files its DMR data for the first month of the quarter in the middle of the second month of the quarter. Even if the EPA undertakes an inspection immediately, which is not usually the case, the sampling will not be completed until the middle of the final month of the quarter. Thus, under this best-case scenario only half a month, or one-sixth, of the pollution discharges for the quarter will be affected by the inspection. Because of time lags before the EPA receives the DMR data, the time needed before the EPA can schedule an inspector to make a plant visit, the rather lengthy inspection process, and the time needed before the EPA makes its report to the firm and the firm can take action on it, no contemporaneous effect is expected.
Before requiring that any inspection effect enter with a lag, we empirically tested for whether the inspection variable led to a contemporaneous negative effect on pollution. Rather than a negative effect, we observed a strong and statistically significant positive influence, consistent with the reverse causality hypothesis. We explored the causality issue in greater detail. Based on a Hausman 2 6 specification test, we were able to reject the 25 Id. hypothesis that the IQTR, variable is exogenous. Attempts to replace IQTRit (t = 0) by an instrumental variable estimator also led to positive coefficients, suggesting that the primary relationship between the two variables is through high current levels of pollution leading to EPA inspections, rather than inspections causing immediate reductions in pollution discharge levels. These results allow us to use only lagged inspection variables without losing any of the effects of the inspections on compliance or creating a bias in our estimated coefficients. The next variable, TONS,, pertains to the capacity of the firm. Other things being equal, firms with larger capacity should produce more pollution, MQAVG, but need not necessarily be more likely to be in or out of compliance with EPA standards. There may be economies of scale with respect to pollution control that would tend to make large firms less likely to be out of compliance. Similarly, the TONS variable may pick up factors related to the vintage of the technology to the extent that larger plants are newer and have less polluting technologies. If these large plants are considerably more efficient in controlling pollution, the absolute levels of pollution may be lower than smaller and more outmoded facilities.
Technological factors of this type will also be captured in the SIC-code dummy variables, implying that differences in technologies and standards across parts of the pulp and paper industry will be taken into account. The regional dummy variables REGNJ also capture firm characteristics to some extent since plants in some regions tend to be older than those in other regions. These regional variables also reflect regional differences in standard setting and the nature of enforcement. These differences may be considerable due to the prominent role that the states have in the enforcement process.
The final set of variables is a series of twelve quarterly dummy variables for all but one, of the quarters represented. This formulation was chosen over a simple time-trend variable because of its greater flexibility. Not only do the QUARTER, variables capture any possible uniform time trend, but they also capture other quarter-specific effects such as any seasonal and cyclical fluctuations in production levels and water flows. Although some quarterly dummy variables were statistically significant, these coefficients are not reported since there was no apparent pattern evident in the results. In addition, we regressed MQAVG against both a continuous TIME variable and its square but found no significant relationships. Table 3 reports the ordinary least squares (OLS) results for the continuous pollution measure, MQAVG, and Table 4 reports the maximum likeli- hood estimates for the noncompliance variable, MVIO. Because of the close similarity of the findings, we discuss each of the variables in turn for both of the tables. The four-quarter lagged pollution variable has the expected strong positive effect on the current pollution status, which suggests that past pollution levels predict current discharge levels accurately because of the slowness of the capital expenditures process needed to transform their status. Since the MVIO variable has been altered by the logistic transformation, the results for the continuous pollution measure, MQAVG, can be interpreted more readily. It is quite striking that the weight placed on the four-quarter lagged pollution value is in excess of 0.98 in each of the four equations. Thus, there is almost complete replication of the pollution experience across time. All else being equal (in particular, controlling for inspections), past pollution performance is close to a perfect predictor of current pollution levels.
Regression and Maximum Likelihood Results
The next set of variables pertains to the set of lagged inspection variables. Consider the continuous discharge measurements in Table 3 . In equation (1) there is a second-order polynomial distributed lag over inspection variables for the preceding six quarters, equation (2) is a freeform lag over four quarters, equation (3) is a free-form lag over two quarters, and equation (4) includes only a single lagged value. The pattern is strikingly similar in all four equations. There is a consistently significant and substantial influenc& of IQTR on reducing discharge levels that occurs with a one-quarter lag. Lagged values of more than a quarter are not consequential. The discrete compliance status equations in Table 4 convey the same influence of inspections; that is, they cause significant reductions in the rate of noncompliance in the subsequent quarter.
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The magnitude of the inspection effect is substantial. Consider equation (4) in Table 3 . Each inspection reduces the value of MQAVG by 1,149 pounds per day, which represents about a 20 percent reduction in the mean value of BOD discharges.
2 Since the coefficients of subsequent IQTR variables are never significantly positive, there is no evidence of a 27 Our results suggest that inspections tend to induce reduced discharge levels and enhanced compliance through immediate attention to better plant operation and maintenance, rather than longer-term capital investments. This finding is consistent with the observation in Wasserman, supra note 10, that the EPA's main enforcement problems in the water pollution area involve failure to operate and maintain treatment systems already in place rather than investment in new treatment systems.
28 A paper by Jonathan S. Feinstein (Detection-controlled Inference (working paper, M.I.T., Dep't of Econ., 1986) provides an econometric argument for why the coefficients of the inspection variables would be biased downward if detection of noncompliance were masked by the nonsubmittal of DMR data. Thus, our results about the effect of inspections provide a lower bound on their true magnitude.
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The compliance status results from Table 4 also indicate a large effect of the inspections, and their associated enforcement actions, on noncompliance rates. The coefficients of IQTR1 in equations (1)- (4) average -1.0, implying that had the source not been inspected its odds of being in noncompliance would have been about double. Since most plants in the sample were inspected about once a year and the average rate of noncompliance is 25 percent, the coefficients from the table suggest that without an inspection this noncompliance rate would have been 48 percent.
Finally, the TONS measure has the expected sign in each case, as firms with larger capacity have higher total levels of pollution and lower chances of being out of compliance. Neither effect is statistically significant, however. Similarly, the SIC and regional dummy variables fail to yield any statistically significant effects.
One might expect that the magnitude of the inspection effect would vary with the firm's present noncompliance status. To test this hypothesis, Table 5 presents the key coefficients for equations (3) and (4) from Table 3 in which the inspection variables have been interacted with the compliance status at the time of the inspection. In particular, IPVIOl equals one in a quarter when a source was inspected one quarter earlier and had a permit violation when it was inspected; otherwise it equals zero. IPNOVIOI equals one in a quarter when a source was inspected one quarter earlier and did not have a permit violation during the quarter of the inspection, and zero otherwise. Similar definitions apply to IPVIO2 and IPNOVIO2, except that these variables have a two-quarter lag.
The results in Table 5 indicate effects of inspections with a one-quarter lag, but no significant effects with a two-quarter lag. Both the IPVIO1 variable (1 percent confidence level, one-tailed test) and the IPNOVIO1 variable (5 percent confidence level, one-tailed test) are statistically sig-29 When the inspection variables were redefined to separate the effects of compliance sampling inspections from the effects of compliance evaluation inspections (without sampling), we found no significant differences between the effects of the two types of inspections. While care must be taken in interpreting this result because the sample size is relatively low, it suggests that sampling inspections may not be worth their added costs. nificant, so that the inspections reduce pollution levels irrespective of the compliance status.
The point estimates are consistent with one's expectations concerning the relative magnitude of the effects, as the reductions achieved for firms out of compliance are almost double those that are produced for firms not in violation of their permit. For example, from equation (2) we have the result that a source out of compliance was associated with a 684 (= 1,607 -923) pound per day greater decrease in BOD discharge levels than a source in compliance. It should be noted, however, that the standard errors of the coefficients imply that the 95 percent confidence intervals for the IPVIO1 coefficient and the IPNOVIOl coefficient overlap, so that this result should be treated with appropriate caution.
Effects on the Incidence of DMR Nonreporting
While our econometric results in the beginning of this section clearly point to the conclusion that plant inspections cause firms to both reduce their pollutant discharge levels and come more closely into compliance with their discharge permits, inspections do serve other purposes as well. One of these is to induce firms to report more regularly their discharge levels to the EPA or the designated state enforcement agency. We now examine whether inspections tended to reduce the incidence of DMR nonreporting as measured by the fraction of months without DMR entries in the PCS data base.
30 Table 6 suggests that there is such a reporting effect for the firms in our sample. The first line in the table measures the difference between the number of months that DMR data was submitted in the four months prior to an inspection and the number of months with DMR data in the four months immediately following the inspection, averaged across all inspections in one of two periods, May 1977 -November 1984 and May 1982 -November 1984 . The second line reports the analogous differences for a six-month period before and after the inspections, while the third line provides results for a twelve-month period of DMR data. All six mean differences are negative and more than two standard errors away from zero, indicating high levels of statistical significance. Thus, the completeness of DMR reporting is clearly higher after inspections.
We must add one note of caution in interpreting these statistics because the mean differences are not adjusted for the trend of increased reporting of DMR data. Still, this trend could not explain much of this difference.
30 As the discussion in Section III explained, missing DMR data can result either from the failure of firms to report the data to EPA regions or the states or from the failure of the regions or states to enter the reports in the PCS data base. While the first type of failure is probably more closely related to noncompliance than the second type, both reasons for missing PCS data on the DMRs make the PCS system less useful for monitoring enforcement.
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Thus, inspections did tend to cause increased reporting of DMR data into the PCS data base by the firms in our sample, which in turn allows the EPA to more accurately monitor, and therefore enforce, its water pollution standards.
V. EXPLORATORY BENEFIT-COST ANALYSES
One might conclude that EPA inspections are successful because all three of our measures of firms' responses to inspections show significant effects. From a social welfare perspective, however, this question requires valuing the benefits of the effluent reductions induced by an inspection and comparing these benefits to the full costs of each inspection. In what follows, we provide a preliminary exploration of the components of such a benefit-cost analysis. Unfortunately, the existing estimates of the benefits per ton of BOD eliminated per year are only approximate, and we could find no estimates of the compliance costs due to an inspection. As a result, this exercise is highly imprecise. Nevertheless, it does provide some perspective on the welfare consequences of the EPA inspection program for industrial water pollution.
Vaughan and Russell 3 1 have estimated the national benefits from the improvements in freshwater quality due to the BPT standards at $683 million (in 1980 dollars). While this estimate includes both the out-ofpocket expenses and the opportunity costs of the time of fishermen, it does not include the aesthetic benefits of fishing on cleaner waters, or other benefits such as those from swimming and boating. Development Planning and Resource Associates 32 estimated that the BPT standards would reduce BOD discharges by 3,390,233 tons per year, which together with the previous estimate implies an average value of benefits per ton of BOD removed due to the BPT standards of $201.46.
Using equation (4) in Table 3 , each inspection will tend to cause a reduction in BOD discharges of 1,148 pounds per day, or 209.51 tons per year. Given the previous benefits estimate of $201.46 per ton, this implies that an average inspection produces $42,208 of benefits every year.
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Given the 0.982 coefficient of the MQAVG variable lagged four quarters in equation (4) in Table 3 , the effectiveness of an inspection in maintaining lower effluent discharge levels decays at a negligible rate. Accepting the linear form of the equation and rounding this coefficient to 1.0, the equation implies that any BOD reductions from an inspection remain in force for years after the inspection. Thus, we can approximate the annualized benefits per inspection at $42,208.
Given the mix of inspections in our sample of 43 percent compliance sampling inspections (requiring approximately thirty days) and 57 percent compliance evaluation inspections (requiring approximately three days), an average inspection required 14.6 days. Assuming the full cost of inspectors to be $50,000 per year over 220 working days yields a cost of $227 per day, or $3,315 per inspection. Figuring this inspection cost at a 10 percent discount rate gives an annual cost of $332.
3 4 Calculating the net inspection cost from the benefits gives an adjusted annualized benefit of $41,876 per inspection.
Consider now whether the average annual compliance costs incurred due to inspections are likely to exceed $41,876 per inspection. Since 75 percent of the firms sampled were already in compliance, we would expect them to spend little or nothing after an inspection. Thus, each noncomplying firm must spend at least four times $41,876, or $167,504, per year in order that the costs associated with an inspection exceed their benefits.
Whether compliance costs exceed this threshold probably hinges on whether the firm must make a capital investment to attain compliance or whether a change in operating procedures will suffice. Although detailed 13 This calculation assumes that the average benefits of each pound of BOD removed due to an inspection equal the nationwide average benefits of the BPT standards. This simplifying assumption ignores the fact that the effluent reductions at some plants induced by inspections will yield benefits much greater than the average, whereas inspections at other plants, even if they result in lower emissions, will improve water quality much less than for an average inspection. Without more disaggregated information about benefits, we were forced to make this simplifying assumption.
34 The use of a 10 percent discount rate is required by the Office of Management and Budget, but other more realistic rates would not significantly affect our conclusions.
HeinOnline --33 J.L. & Econ. 357 1990 cost data are not available for all portions of the pulp and paper industry, some suggestive statistics are available for the costs of an activated sludge treatment system used to comply with the BPT standards in the wastepaper-molded products subcategory of the industry. For a concrete example, focus on the intermediate-size plant (45 kg/ day). Compliance for these firms entails an annual operation and maintenance outlay of $113,000, annual energy cost of $19,000, and an average annual capital cost of $339,000, leading to a total annual cost of $471,000.36 If compliance following an inspection involves only the operation and maintenance costs, the expenditure of $132,000 is somewhat below the value of benefits less inspection costs. However, if a capital investment is required, the costs exceed the pollution reduction benefits net of enforcement costs by a factor of almost three.
For small plants, with a total annual compliance cost (including amortized capital costs) of $288,000, the compliance costs outweigh benefits once capital costs are included. For large wastepaper-molded products plants with average annual compliance costs of $879,000, even the operation and maintenance costs of $176,000 exceed the pollution reduction benefits. 37 To the extent that the rough estimates in this particular case reflect the costs and the benefits for other industry subcategories, the following conclusion holds. If inspections lead firms to make substantial capital investments, then the costs of compliance exceed the benefits. Once having made these investments, firms may be more likely to undertake the appropriate operating procedures to maintain their compliance status as a result of an inspection. This promotion of continued vigilance on the part of firms that have already made the required capital investment is more likely to pass a benefit-cost test.
VI. CONCLUSION
Compared with other health, safety, and environmental regulations, EPA water pollution regulations for the pulp and paper industry represent an unusual success story. The EPA sets standards for which compliance " While wastepaper-molded product is only one of many subcategories in the industry, the activated sludge treatment system represents a standard technology for biological treatment of pulp and paper mill wastes. is feasible and then enforces these standards relatively vigorously, with inspections averaging one per year for our sample. This mix is the opposite of OSHA's, which has stringent standards coupled with weak enforcement. The coupling of regulations for which compliance is feasible with stringent enforcement is likely to create strong incentives for compliance, and the available evidence bears this out. Inspections and their associated enforcement actions have a strong effect on both pollution levels and rates of compliance with the permit levels. In addition, inspections are associated with less nonreporting of pollutant discharge levels. Judged with respect to its legislative mandate to improve water quality, this effort is clearly a success. In view of the evident effectiveness of the water pollution enforcement effort, one might well ask whether U.S. water quality should not have improved overall as a result of such efforts. This may not be a meaningful test, however, since the real issue is whether water quality would have been worse in the absence of EPA enforcement, not whether the overall level of water quality has improved. With economic growth, the baseline rate of total discharge of BOD should be increasing. Coupled with a fixed assimilative capacity of any body of water, this growth implies that there should be deteriorating water quality in the absence of EPA actions.
Available information on national surface water quality trends shows modest improvements in the late 1970s and early 1980s. The Council on Environmental Quality reported in their fifteenth annual report that "significant progress has been achieved in cleaning up the nation's waters. " 38 This conclusion is based on an assessment by the Association of State and Interstate Water Pollution Control Administrators (ASIWPCA) of the degree to which beneficial uses were supported in surface waters assessed in each state. The ASIWPCA reported that in 1982 64 percent of assessed surface waters supported their designated uses, compared with 36 percent of 1972. 39 In their 1986 Report to Congress, the EPA reported that 74 percent of assessed river miles fully supported their designated uses. 40 These results are consistent with the conclusions of the ASIWPCA and the EPA in their report, The States' Evaluation of Progress, 1972 Progress, -1982 . Based on an evaluation of 42 percent of the nation's streams, they re-" Council on Environmental Quality, Environmental Quality: 15th Annual Report 85 (1984) . ported that, between 1972 and 1982, 47,000 miles of assessed streams improved in quality while 11,000 miles declined.
4 ' Available data are insufficient to assess changes in ambient BOD levels of an annual or regional basis; however, the Council on Environmental Quality reported that BOD discharges from pulp and paper mills decreased from 706.8 thousand tons in 1974 to 207.6 thousand tons in 1984.42 One might raise the more general issue not treated by the EPA's enabling legislation: whether the benefits accruing from this pollution reduction are commensurate with their costs. This calculation needs substantially better data to refine it, but some preliminary observations are in order. If one includes only the operation and maintenance cost associated with pollution control, then the benefits of inspections may exceed their costs. If capital costs are included as well, the results are probably reversed. One major difficulty associated with this calculation is that we cannot distinguish which incremental pollution control expenditures are associated with the effect of the inspections. Notwithstanding these caveats, it appears that the EPA water pollution regulations represent a dramatic departure from the apparent impotence of most other forms of health, safety, and environmental regulation. The remaining challenge is to set standards at a level that will ensure 'that the regulations are in society's best interests.
"' Council on Environmental Quality, supra note 38, at 82-83. 42 Council on Environmental Quality, supra note 39, at C-38.
